Abstract -The scarcely collected bee Promelitta alboclypeata with known occurrence across northern Africa and the Arabian Peninsula is a typical example of the bee family Melittidae which encompasses a good number of species with sparse or disjunct distributions and particular flower preferences. Using records for 16 localities, we estimated ecological niche models for P. alboclypeata in Maxent on four sets of occurrences, to represent the disparity of the known records, most of them known from the western section of the range. Our estimates show a predicted area for the species in the northern section of the geographic extent assumed accessible to the species (mainly north Africa and the Arabian Peninsula), signaling feasible regions to survey for the presence of the species; possible ecological niche differentiation between the western and eastern populations is also signaled by the models.
INTRODUCTION
Although bees (Apoidea: Anthophila) are among the most critical of wild pollinators in most terrestrial ecosystems worldwide (Michener 2007) , for the vast majority of the approximately 20,000 known species, there are few data on their distribution, natural history, and ecology. Indeed, for most species, there are only handfuls of published occurrences, and though some may cover vast ranges, there are massive gaps between geographic localities and covering diverse landscapes with different floras and ecological settings. While many species revisions discuss subtle differences in morphological variation, there is no evidence for what kind of possibly ecological differentiation may exist within a species over a wide extent of geographic space. This is an important consideration as regional specialization may be an initial driving factor toward eventual population differentiation and speciation, or may contribute to the development of broad floral preferences within a species as populations at allopatric extremes adapt to local environmental situations, rather than Electronic supplementary material The online version of this article (doi:10.1007/s13592-015-0387-5) contains supplementary material, which is available to authorized users. speciation driven by host shifts which appears to be rare among bees (e.g., Sipes and Wolf 2001; Minckley and Roulston 2006) .
Species of the bee family Melittidae are well known for their often narrow floral preferences, and many species are sparse or occupy disjunct distributions (Michener 2007 ) that may lead to eventual boundaries for populations to become specialized through synchronization to dominant regional resources (Minckley and Roulston 2006) . For this reason, these bees may serve as an ideal test case for initial attempts to understand possible ecological differentiation across their distributions and promote further investigation into localized biologies at the extremes of their range. We attempt to explore some of these hypotheses through ecological niche modeling of the rare, solitary melittid bee, Promelitta alboclypeata (Friese) (Figure 1 ), in order to get a picture of the potential distribution of the species and finding any hints of ecological differentiation. Ecological niche modeling has previously been used to project distributions of bee species for which few or no data are known for specific areas (e.g., Hinojosa-Díaz et al. 2009; Gonzalez et al. 2010; Silva et al. 2013) . P. alboclypeata occurs broadly across northern Africa and into Arabia Dathe 2009 ) and has been considered the sole representative of the tribe Promelittini (Michener 1981; 2007; Engel 2005) , although recent phylogenetic work has suggested it to be a primitive species of the tribe Macropidini (Michez et al. 2009 ). The species is a putative oligolege on Convolvulus , although pollen records are rare and its true floral ecology is unknown.
MATERIALS AND METHODS
Available occurrence points for P. alboclypeata were taken from Michez et al. (2007) , who referred locality records with coordinates for 11 localities in Morocco and one locality in Sudan. Additional records with localities not cited by Michez et al. (2007) were taken from collection specimens as follows: one locality in Morocco from one specimen deposited in the Snow Entomological Collection, Division of Entomology, University of Kansas Natural History Museum, Lawrence, KS, USA (SEMC); one locality in Saudi Arabia from specimens deposited in SEMC and King Saud University Museum of Arthropods, Plant Protection Department, College of Food and Agriculture Sciences, King Saud University, Riyadh, Kingdom of Saudi Arabia (KSMA) (locality was reported by Engel et al. 2013) ; and two localities in the United Arab Emirates from Dathe (2009) . Geographic coordinates for the records from Saudi Arabia were taken in situ by M.S. Engel, while those for the localities from the United Arab Emirates and the additional Moroccan locality from SEMC were obtained using GEOLocate (Rios and Bart 2010) .
To characterize environmental variation, we used climatic layers from the WorldClim data archive (Hijmans et al. 2005 ; www.worldclim.org) at a spatial resolution of 10′. To avoid fitting models in overly dimensional environmental spaces, we reduced dimensionality to the first six principal components on standardized variables among 15 bioclimatic variables: annual mean temperature, mean diurnal range, isothermality, temperature seasonality, maximum temperature of warmest month, minimum temperature of coldest month, temperature annual range, mean temperature of warmest quarter, mean temperature of coldest quarter, annual precipitation, precipitation of wettest month, precipitation of driest month, precipitation seasonality, precipitation of wettest quarter, and precipitation of driest quarter. Principal components were generated in a geographic extent that included the occurrence points plus an area that was assumed accessible for the species given the type of terrestrial ecoregion (Olson et al. 2001) where the points fell.
Because the numbers of occurrences for the species are scarce and unevenly distributed across the geography, we estimated ecological niche models in Maxent (3.3.3.e; Phillips et al. 2006) on four sets of occurrences as follows. One niche estimate was done over all occurrences together; second and third estimates were done for all western (Morocco) and eastern (Sudan, Saudi Arabia, and UAE) sets of occurrences, respectively; and a fourth estimate was created for three geographically rarefied sets of points that included all occurrences in the east and an equal number of occurrences randomly selected from the west. In each case, models were estimated with the first six principal components of the environmental variables, which accounted for 99 % of overall variance in the environmental dataset (see Online Resource). Models were calibrated via 10 crossvalidation replications, and given the potential uncertainty with occurrence points used subject to georeferencing errors, we applied two thresholds (E =5 and 10 %) over the median of the 10 replicates to convert models to binary predictions. The remaining Maxent parameters were left as default. In the case of the three models from the geographically balanced sets of occurrences, the final estimate corresponded to the area where the three models coincided. The predictive model performance in each binary was assessed with a jackknifing approach using the method presented in Pearson et al. (2007) .
RESULTS
The binary predictions resulting from the four sets of occurrences as presented here (Figure 2) show estimates for P. alboclypeata to occur in the areas including the ecoregions used in the study. The estimates obtained with all the occurrences (Figure 2a, b) , the rarefied set (Figure 2c, d) , and the one including only the west occurrences (Figure 2e, f) are similar in that the predicted area for the species is in the northern section of the geographic extent used for the model for both Africa and the Arabian Peninsula, as well as sections of Iran, Afghanistan, Pakistan, and Turkmenistan. The set including all occurrences with a threshold of 5 % (Figure 2a) gives the largest estimate of the three sets mentioned above and is similar to the estimate with only west occurrences at a 5 % threshold (Figure 2e ). The rarefied set with both thresholds (Figure 2c, d ) and the set of west occurrences at a 10 % threshold (Figure 2f) give basically the same estimated area. The estimate produced, using the set including only the four occurrences in the east, shows an area for the most part complementary to the estimates produced with the other three sets, showing areas on the margins south within the geographic extent in the model, as well as narrow scattered sections along the Mediterranean Sea (Figure 2g, h) .
Although all 16 occurrence points used in the analysis fell within an estimated area when considering all four sets, no individual estimate included all occurrence points within the predicted estimate. The most inclusive estimate was the one using all occurrences, only missing the locality on northeastern Sudan (Figure 2a and b) . This particular location fell within the estimated area only in the estimates produced with the east occurrences (Figure 2g, h) . The eastern localities (Sudan, Saudi Arabia, UAE) were within the estimate when those were the ones used in the analysis ( Figure 2g, h) ; however, the Saudi locality was on the margin of the prediction, while with this same set, the southwestern most Moroccan locality was also within the estimate. This point was marginal in the rarefied estimates and the ones produced with the west occurrences.
DISCUSSION
The morphological and taxonomic features of P. alboclypeata make it an interesting case within the melittid bees, a group also known for their sparse or disjunct distributions, as well as for their Ecological niche modeling of Promelitta alboclypeata narrow floral preferences. According to Michener (2007) , this rare bee is possibly an archaic type as are other bees from the Palearctic deserts. The scarce records for the species are also quite Figure 2 . Ecological niche models for Promelitta alboclypeata (Friese) using Maxent with four different sets of occurrences at two thresholds to produce binary predictions (5 and 10 %). First set including all 16 occurrence points at 5 (a ) and 10 % (b ) thresholds, second set including a rarefied set of points with all occurrences in the east and an equal number of random west occurrences at 5 (c ) and 10 % (d ) thresholds, third set including all 12 Moroccan localities at 5 (e ) and 10 % (f ) thresholds, and fourth set including the four localities in the east at 5 (g ) and 10 % (h ) thresholds. Occurrence points (yellow dotted circles ), geographic extent models ( blue ), estimated area (red ). scattered, and the recent records from the Arabian Peninsula widen its range beyond the African continent. Despite the reasonably good number of specimens reported by Michez et al. (2007) , the number of geographic locations for the species is still quite reduced, and most of them, besides the new records here presented, are from Morocco in the western side of the known distribution. The estimations here presented are an attempt to understand the distribution of the species given the unbalanced representation of geographic information and their scarcity, yet they do correspond nicely with predicted BSahelian^bee distributions through the Sahelo-Sudanian plant ecoregion (Patiny and Michez 2007) . The different sets of occurrences used in the estimations show some stability in terms of the results, at least when using the sets including all occurrences, the rarefied set, and the set of west occurrences. The only contrasting estimation was given by the analysis including only the four east occurrences. This is consistent with observations by Pearson et al. (2007) , who mention that model prediction when using subsets of occurrence points is greatly influenced by the particular points included. The same authors also noted that the sample size of localities could be lower than 10 when using Maxent. However, this study involving a low number of occurrence points should be used as launching point to recognize areas to be surveyed as they include the environmental conditions for the species to exist. We take the estimates produced for the occurrence sets including the rarefied and western occurrence points, as a more feasible approach to identify regions to survey for the presence of the bees, as these sets have for the most part similar estimates. Caution should be exercised however as the eastern records are not within the estimate when using this occurrence set. Nonetheless, the disjunct distribution with more than 4150 km separating the western and eastern populations is dramatic, either representing extreme under sampling in the intervening regions across the Sahara or Sahelian belt, or isolation resulting from extinction across a once larger ancient range (P. alboclypeata , like most melittids, is not a species subject to transport by humans so adventive populations may be ruled out). With all caution taken when interpreting the area estimates here presented, one scenario when comparing the contrasting estimates produced with the eastern occurrences against the other sets is the possibility of two different lineages that have begun to diverge following the extirpation of populations across much of the Saharan region. This scenario would reconcile with one group in the west represented by those specimens found in Morocco and the other by populations found in the east (Sudan, Saudi Arabia, UAE), perhaps representing the initial stages of regional ecological specialization or even cryptic speciation. However, such a scenario must be considered with caution given the morphological uniformity of specimens across the entire range. Our results tend to reveal that there are possible differences in the ecological niche experienced by the western and eastern populations of P. alboclypeata and that these differences are in need of further study particularly with greater samples from diverse localities and knowledge of the local biologies of these populations. Although available samples are rare, studies similar to this involving bee species with few known occurrences (e.g., Silva et al. 2013 ) are advisable even if only a few localities are known, as ecological niche modeling techniques offer a powerful way to understand the feasibility of the presence of environmental conditions, which can promote the discovery of new locality and floral records that will in turn enhance the production of more robust models and refine our understanding of variations in bee ecology as well as hypotheses of species circumscription (Engel 2011; Gonzalez et al. 2013 ). 
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